Autographa californica multiple nucleopolyhedrovirus (AcMNPV) is a prototypic baculovirus infecting specific insects. AcMNPV contains a large double-stranded DNA genome encoding a complex transcriptome. This virus has a widespread application as a vector for the expression of heterologous proteins. Here, we present a dataset, derived from Oxford Nanopore Technologies (ONT) long-read sequencing platform. We used both cDNA and direct RNA sequencing techniques. The dataset contains 520,310 AcMNPV and 1,309,481 host cell reads using the regular cDNA-sequencing method of ONT technique, whereas altogether 6,456 reads were produced by using direct RNA-sequencing. We also used a Cap-selection protocol for certain ONT samples, and obtained 2,568,669 reads by using this method. The raw reads were aligned to the AcMNPV reference genome (KM667940.1). Here, we openly released the 'static' and the dynamic transcript catalogue of AcMNPV. This dataset can be used for deep analyses of the transcriptomic and epitranscriptomic patterns of the AcMNPV and the host cell. The data can be also useful for the validation of different bioinformatics software packages and analysis tools. Design Type(s) transcription profiling design • gene expression analysis objective Measurement Type(s) transcriptional profiling assay • cDNA Technology Type(s) RNA sequencing • DNA sequencing Factor Type(s) Species Sample Characteristic(s) Spodoptera frugiperda • SF-9 cell • Autographa californica multiple nucleopolyhedrovirus
Background & Summary
Baculoviruses are a diverse group of viruses infecting insect larvae of the orders Diptera, Hymenoptera, and Lepidoptera 1 . By far the most widely studied member of Baculoviridae family is the Autographa californica nucleopolyhedrovirus (AcMNPV), of which the complete genome sequence has been determined and annotated 2 . AcMNPV has a circular, double-stranded 134-kpb DNA genome, packaged in a rod-shaped capsid. AcMNPV has been used as a model in studies of the molecular pathogenesis of baculoviruses 3 . Additionally, this virus is a popular vector for the expression of heterologous proteins 4 .
Although the previously published short-read Illumina RNA sequencing provides high-quality data 5 , the long-read sequencing (LRS) dataset is more beneficial; the LRS methods are more applicable for global RNA profiling, as they can greatly improve and expand the reference set of transcripts [6] [7] [8] [9] [10] [11] [12] [13] [14] , even if they have a relatively high error-rate and a low throughput.
In this study, the Oxford Nanopore Technologies (ONT) MinION long-read sequencing device was used to characterize the static and dynamic (including nine different post-infection time points) AcMNPV and host cell (Spodoptera frugiperda isolate Sf9) transcriptomes following various library preparation approaches, such as full-length cDNA-sequencing, direct RNA-sequencing (dRNA-seq) to avoid the potential false products from reverse-transcription or PCR, and cDNA-sequencing on 5′ Capselected samples (Cap-seq) for the more precise detection of the transcription start sites. The applied fulllength sequencing protocols capture the entire polyA(+) fraction of AcMNPV transcriptome.
Two MinION flow cells were used for the cDNA sequencing, while one and two flow cells were applied for the Cap-seq and dRNA-seq methods, respectively.
The cDNA sequencing of the static (mixed) sample yielded altogether 95,953 sequencing reads mapped to the AcMNPV genome strain E2 (GeneBank accession: KM667940.1) with an average coverage of 503x; (Table 1) . Table 2 contains the detailed information about the read counts from different time points. The Cap-seq method resulted in 488,847 reads (2,108-fold coverage) AcMNPV-specific reads. The average read-lengths for the cDNA-seq vary between 689-1139 bp, while the Cap-seq and dRNA-seq resulted in an average read length of 718 bp and 613 bp, respectively ( Table 2 , Figs 1 and 2). The reads were also aligned to the host cell genome (BioProject accession: PRJNA380964, Tables 3 and 4, Figs 1  and 2) .
Here, we present a large dataset of AcMNPV transcriptome derived from LRS experiments for the first time, including various techniques applied ( Fig. 1 ). Our aim with this study was to provide a dataset that can be used for identifying mRNAs, non-coding transcripts, and transcript isoforms, such as the transcriptional start and end sites, along with splice variants of this baculovirus, as well as to define fulllength transcripts by using a combination of various library preparation approaches for long-read sequencing. The barcoded samples derived from different time points can also be used for the kinetic characterization of AcMNPV transcripts, as well as for the analysis of gene expression of the host cells during viral infection 15 . Moreover, these data allow the comparison of different library preparation methods. Furthermore, our dataset can also be used for the identification of modified nucleotides and for obtaining epitranscriptomic data. Figure 3 gives an overview of the methodological workflow used in the present study. The utilized reagents are listed in Table 5 .
Methods

Cells, viruses and infection conditions
The Sf9 epithelial cell line (derived from the parental Spodoptera frugiperda cell line) was used for the propagation of a LacZ expressing recombinant Autographa californica multiple nucleopolyhedrovirus (AcMNPV) in Sf-900 II SFM insect cell culture medium (Thermo Fisher Scientific). Cultivation of the infected cells was carried out in Corning Spinner Flasks (Sigma Aldrich/Merck) at 26°C, the speed of the shaker was set to 70 rpm. The LacZ gene was inserted to the promoter region of polh gene (βgal-AcMNPV). The virus stock was obtained from SOLVO Biotechnology Inc. (Szeged, Hungary). Cells were infected with a multiplicity of infection of 2 plaque forming unit/cell. After infection, cells were incubated for 0, 1, 2, 4, 6, 16, 24, 48 or 72 h pi, then five ml from the samples were centrifuged at 2000 rpm at 4°C, followed by washing with phosphate-buffered saline (PBS) and centrifuged again by setting the same parameters. Cells were stored at −80°C until use.
RNA extraction
Purification of total RNA. The NucleoSpin ® RNA kit (Macherey-Nagel) was used to isolate RNA from viral infected cells for sequencing, as was described in our previous publications 10 . In short, samples were lysed by incubation in a chaotropic ion containing solution (supplied by the kit), then samples were treated with DNase I solution (provided by the kit). Total RNAs were eluted from the membrane in RNase-free water. To remove the probable residual DNA contamination, samples were handled by Ambion® TURBO DNA-free™ Kit (Thermo Fisher Scientific). The RNA samples were quantified by Qubit®. 2.0 Fluorometer using Qubit RNA BR Assay Kit (Life Technologies) and then they were stored at −80°C until further use.
Ribosomal RNA depletion. For the CAP-selection protocol, the ribosomal RNA (rRNA) was eliminated from the total RNA samples using the Epicentre Ribo-Zero™ Magnetic Kit H/M/R (Illumina). Table 4 . Summary statistics of the cDNA sequencing readsderived from the different time pointsaligned to the Sf9 genome Read N50 is defined as the length N for which 50% of all bases in the reads are in a sequence of length L&lt;N. 
cDNA synthesis, library preparation and sequencing
The Oxford Nanopore Technologies MinION real-time device was used for cDNA and direct RNA sequencing.
Oxford Nanopore 1D cDNA sequencing -mixed RNA sample Viral and Sf9 transcripts were sequenced on MinION sequencer following the 1D Strand switching cDNA by ligation protocol (Version: SSE_9011_v108_revS_18Oct2016). The ONT Ligation Sequencing Kit 1D (SQK-LSK108) was used for the library preparation. The PolyA(+)-selected RNAs were used for cDNA production. Equal amount of RNAs from the different time points were mixed together. 75 ng from the mixed sample (Table 6 ) was subjected to reverse transcription. Poly(T)-containing anchored oligonucleotides [(VN)T 20 ; ordered from Bio Basic, Canada, (Table 7) ] and dNTPs (10 mM, Thermo Fisher Scientific) was added to the RNA. The sample was incubated at 65°C for 5 min and then the strand-switching oligo [containing three O-methyl-guanine RNA bases (PCR_Sw_mod_3G; Bio Basic, Canada)], buffer and DTT [both are supplemented by the SuperScript IV Reverse Transcriptase kit (Life Technologies)] were added. The mixture was treated with a recombinant ribonuclease inhibitor (RNase OUT™, Life Technologies), and then it was incubated for 2 min at 42°C. Two-hundred units from the 200U SuperScript IV Reverse Transcriptase enzyme were added to the sample. The generation of the first strand cDNA was performed at 50°C for 10 min, then the strand switching step [when the reverse transcriptase adds 1-3 non-templated cytosines to the 3' end of the cDNA strand, and a primer (which was added to the RT reaction) anneals to the non-templated cytosines. This incorporates a PCR-priming sequence to the end of the full-length cDNAs] at 42°C for 10 min. The enzyme inactivation step was at 80°C for 10 min. Five μl from the cDNA was amplified using KAPA HiFi DNA Polymerase enzyme (Kapa Biosystems) and Ligation Sequencing Kit Primer Mix (included in the 1D Kit). The Applied Biosystems Veriti Thermal Cycler was used following the ONT 1D Kit's recommendations: preliminary denaturation at 95°C for 30 s (1 cycle); denaturation for 15 sec at 95°C (15 cycles); annealing for 15 sec at 62°C (15 cycles); extension for 4 min at 65°C (15 cycles); final elongation step was for 10 min at 65°C. NEBNext End repair/dA-tailing Module (New England Biolabs) was applied for end repair, whereas NEB Blunt/TA Ligase Master Mix (New England Biolabs) was utilized for adapter ligations. The adapter sequences were provided by the 1D kit. Agencourt AMPure XP magnetic beads (Beckman Coulter) were used for sample purification after each enzymatic reaction. For the quantification of the libraries, the Qubit Fluorometer 2.0 and the Qubit (ds)DNA HS Assay Kit (both from Life Technologies) was used. The sequencing-ready libraries were loaded on R9.4 SpotON Flow Cells, and the Albacore v1.2.6 software was used for base calling.
Oxford Nanopore 1D cDNA sequencingdifferent time points
For the analysis of the dynamic changes of the global full-length transcriptome of the AcMNPV, the RNA samples from different post infection time-points were individually sequenced. CDNAs were generated from the polyA(+) RNA samples from 0, 1, 2, 4, 6, 16, 24, 48 or 72 h pi. The starting amounts of RNA samples are summarized in Table 7 . The preparation of cDNA libraries was carried out according the above mentioned 1D protocol, until the end-repair step. After this, the 1D PCR barcoding (96) genomic DNA protocol (version: PBGE96_9015_v108_revS_18Oct2016, updated 25/10/2017) was followed, starting with the Barcode Adapter ligation step. Ten μl from the samples were mixed with 6.5 μl Barcode Adapter (Table 8 ) and 17 μl Blunt/TA Ligase Master Mix (1/3 reaction volumes were applied compared to the protocol's recommendations). After 10 min incubation at room temperature, the samples were purified by using XP beads. Samples were amplified by PCR using KAPA HiFi DNA Polymerase and 1 μl from one of the PCR Barcodes (Table 8) , as recommended by the 1D PCR barcoding protocol. Table 8 shows the sample concentrations after the amplification. Samples were mixed together according to the Table 8 and altogether two libraries were prepared from them. The second end-prep and adapter ligation steps were carried out following the previously mentioned protocol. The ready libraries were washed by XP beads, and then they were load on the SpotON flow cell.
MinION cDNA sequencing on Cap-selected samples. The TeloPrime Full-Length cDNA Amplification Kit (Lexogen) was used to obtain full-length, capped RNAs with the exact 5'-ends. A mixed total RNA sample (containing RNA from 1, 2, 4, 6, 16, 24, 48 and 72 h pi) was subjected to rRNA-depletion and then, 216 ng from the ribo-depleted sample was used for reverse transcription (RT), double-stranded (ds)cDNA production and library preparation. First, the RNA was mixed with RT buffer and an oligodT containing primer (both are derived from the kit, Table 7 ). The RT mixture was heated to 70°C for 30 seconds and then it was cooled down to 37°C for 1 min. The RT enzyme and reagents (supplied by the kit) were added to the sample and the reaction was kept at 37°C for an additional 2 min. Temperature was increased to 46°C for 50 min. Silica columns (from the Lexogen kit) were used to purify the RNA-cDNA hybrid. An adapter was ligated to the cDNA by base-pairing of the 5'C to the cap structure of the RNA templates by using a double-strand specific ligase from the kit. Ligation reaction was carried out at 25°C, overnight, then the sample was purified using the silica columns. using GMAP v2017-04-24 15 . The raw FastQ files have also been uploaded for each sample to extend the potential usage of the data. The provided dataset can be further analysed using bioinformatics tools, such as Tombo 17 , bedtools 18 and samtools 19 , or using different visualization tools such as the IGV 20 , Geneious 21 or Artemis 22 . The uploaded files have not been trimmed, they contain terminal poly(A) sequences as well as the 5′ and 3′ adapters, which can be used to determine the orientations of the reads.
